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Assistant Commissioner for Patents 
Box PATENT APPLICATION 
Washington, D.C. 20231 

Sir: 

As authorized by the inventor (s) , transmitted herewith for filing 
is a patent application applied for on behalf of the inventor (s) 
according to the provisions of 37 CFR 1.41(c) . 



Inventor (s) 



CHOI, Jin- Young 
KANG, Hee- Young; PARK, Kyung-Dae 
KIM, Tae-Su; LEE, Jun-Seong 
KIM, Dong- Ho; KANG, Sung-Yun 
RYU, Jai-Moon; KANG, Han-Kil 

For: SEMICONDUCTOR WAFER PROCESSING SYSTEM 
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14 sheet (s) of formal drawings 

Certified copy of Priority Document (s) 
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A verified statement to establish small entity status under 37 
CFR 1.9 and 3 7 CFR 1.27 
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X The application transmitted herewith is filed in accordance 

with 37 CFR 1.41(c) . The undersigned has been authorized by the 
inventor (s) to file the present application. The original duly 
executed patent application together with the surcharge will be 
forwarded in due course. 

X A check in the amount of $ 790.00 to cover the filing fee and 
recording fee (if applicable) is enclosed. 

The Government Filing Fee will be paid at the time of completion 
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No fee is enclosed. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No* 02-2448 for any additional 
fees required under 37 C.F.R. 1.16 or under 37 C.F.R. 1.17; 
particularly, extension of time fees. 
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IN THE U.S. PATENT AND TRADEMARK OFFICE 
Applicants: CHOI, et al 

Serial No.: New Group: 
Filed: August 25 , 1998 Examiner: 

For: SEMICONDUCTOR WAFER PROCESSING SYSTEM 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents August 25, 1998 

Box Patent Application 
Washington, D.C. 20231 

Sir: 

The following preliminary amendments and remarks are respectfully 
submitted in connection with the above-identified application. 

IN THE CLAIMS: 



CLAIM 4: Line 2, delete "or 2" 

CLAIM 10: Line 2, change "any one of Claim 1, and Claims 5 to 8" 
to --Claim 1 — 
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Please add in the following claims : 

CLAIM 12: The semiconductor wafer processing system according to Claim 
2, wherein: 

the modules of each of the module groups are also arranged in a 
multi-layered fashion to form at least two module layers and have the 
same module type or a combination of different module types; 

each of the module groups constitutes a station, together with 
feeding means; and 

a feeing interface or buffer stocker is arranged between adjacent 
stations respectively associated with the module groups. 

CLAIM 13: The semiconductor wafer processing system according to Claim 
5, further comprising: 

a stocker provided at the second interface arranged between a spinner, 
in which a baking process is carried out, and the stepper, the stoker 
having a plurality of stock compartments arranged in a multi-layered 
fashion and adapted to stock wafers completely processed by photoresist 
coating and developing processes; and a pair of wafers feeding arms 
arranged at opposite sides of the stocker, respectively, to stock 
wafers in the stock compartments of the stocker at the opposite sides 
of the stocker. 
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CLAIM 14: The semiconductor wafer processing system according to Claim 

6, further comprising: 

a stocker provided at the second interface arranged between a spinner, 
in which a baking process is carried out, and the stepper, the stoker 
having a plurality of stock compartments arranged in a multi-layered 
fashion and adapted to stock wafers completely processed by photoresist 
coating and developing processes; and a pair of wafers feeding arms 
arranged at opposite sides of the stocker, respectively, to stock 
wafers in the stock compartments of the stocker at the opposite sides 
of the stocker. 

CLAIM 15: The semiconductor wafer processing system according to Claim 

7, further comprising: 

a stocker provided at the second interface arranged between a spinner, 
in which a baking process is carried out, and the stepper, the stoker 
having a plurality of stock compartments arranged in a multi-layered 
fashion and adapted to stock wafers completely processed by photoresist 
coating and developing processes; and a pair of wafers feeding arms 
arranged at opposite sides of the stocker, respectively, to stock 
wafers in the stock compartments of the stocker at the opposite sides 
of the stocker. 
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CLAIM 16: The semiconductor wafer processing system according to Claim 
8, further comprising: 

a stocker provided at the second interface arranged between a spinner, 
in which a baking process is carried out, and the stepper, the stoker 
having a plurality of stock compartments arranged in a multi-layered 
fashion and adapted to stock wafers completely processed by photoresist 
coating and developing processes; and a pair of wafers feeding arms 
arranged at opposite sides of the stocker, respectively, to stock 
wafers in the stock compartments of the stocker at the opposite sides 
of the stocker. 
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* * * R E M A R K S * * * 



The amendment to the claims is merely to delete multiple claims in 
order to place the application in better form prior to examination. 

Favorable action on the above-identified application is 
respectfully requested. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §1.16 or under 37 C.F.R. §1.17; particularly , 
extension of time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




JOSEPH A. KOLASCH 
Rp§. No. 22,463 
P.O. Box 747 
Falls Church, VA 22040-0747 
(703) 205-8000 
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SEMICONDUCTOR WAFER PROCESSING SYSTEM 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a system for processing 
semiconductor wafers , and more particularly to a semiconductor 
wafer processing system having a multi-layered arrangement of 
wafer processing units included in a spinner to carry out 
photoresist coating and developing processes for the formation 
of micro patterns on semiconductor wafers, thereby enabling an 
easy increase in those processing units coping with an 
introduction of new processes without increasing the occupying 
space of the processing units , while having a configuration 
capable of achieving accurate wafer feeding and loading 
operations, and minimizing the consumption of a chemical 
solvent coated over wafers. 

Description of the Prior Art 
20 As well known, a photo-lithography process is an 

important process in the processing of semiconductor wafers. 
Such a photo-lithography process is carried out using an 
integrated coating and developing installation which performs 
a coating process for coating a photoresist solution over a 
25 wafer, a baking process for the coated photoresist, and a 
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developing process for the baked photoresist. The integrated 
coating and developing installation is connected with a 
stepper in an in-line manner via an interface. Such an 
integrated coating and developing installation is an important 
device for the formation of micro patterns on wafers, namely, 
the fabrication of highly integrated semiconductor devices. 

Meanwhile, a variety of new techniques requiring an 
introduction of new processes have also been proposed for the 
fabrication of semiconductor devices with a super integration 
degree. Furthermore, the recent trend to use wafers with an 
increased size has resulted in an increase in the scale of 
wafer processing installations and a complexity in the 
arrangement of wafer processing installations. 

Figs, la and lb are a perspective view and a plan view 
respectively illustrating a general spinner. As shown in 
Figs, la and lb, the spinner includes an indexer 1 for 
carrying out wafer loading and unloading operations, a feeding 
robot 2 for feeding a loaded wafer to processing units, 
respectively, a spin coater 3 for coating a photoresist 
solution over the wafer, and a spin developer 4 for developing 
the wafer subjected to a light exposure. A bake unit 5 is 
also provided which includes a hot plate 11 and a cool plate 
12 respectively adapted to heat and cool the wafer before or 
after the photoresist coating or developing process. The 
spinner further includes a wide expose edge (WEE) unit 6 for 



exposing to light an unnecessary portion of the photoresist 
disposed on the peripheral edge portion of the wafer, and an 
interface 7 provided with a stocker interacting with an 
additional stepper 8 arranged adjacent to the WEE unit 6. 

Although such a conventional installation may have a 
variable combination of processing units in accordance with 
processes to be carried out, it requires a relatively large 
installation area occupying a large portion of the entire 
semiconductor fabrication line because most processing units 
thereof are arranged in a planar manner, as shown in Fig. lb 
or lc . 

For this reason, additions of processing units and new 
installations, involved due to an introduction of new 
processes and use of wafers increased in diameter, result in 
requirement of an increased installation area. This results 
in an increase in the area to be managed. Such an increase in 
the area to be managed results in an increase in manufacturing 
costs because the semiconductor fabrication line should 
essentially be in a super-clean environment. Furthermore, the 
entire fabrication line should be modified in design due to 
the introduction of new processes and the use of additional 
processing units or increased installation area caused by the 
use of enlarged wafers. 

In order to solve such problems, a variety of techniques 
have been proposed. For example, a technique has been 



proposed in which a single feeding means is used to feed a 
workpiece (namely, a wafer) from a designated area to 
processing chambers. In accordance with this technique, a 
plurality of processing chambers are arranged in a multi- 
layered fashion around the feeding means in order to reduce 
the entire installation area. 

Where this technique is applied to the fabrication of 
highly integrated semiconductor products of a 64 Mega grade or 
higher, requiring increased numbers of spin coaters, spin 
developers and bake units, it is inevitably necessary for 
those processing units to be arranged on three layers or more 
in order to achieve desired processes in each processing 
station using the single feeding means. 

In the case of compact processing units such as bake 
units, a relatively easy multi-layered arrangement is 
achieved. However, where bulky processing units such as spin 
coaters or spin developers, which are important units for the 
processing of wafers, are arranged in a multi-layered fashion 
on three floors or more, the installation has a height of 3.5 
m or more. For this reason, there is a great difficulty in 
the manufacture, repair, and maintenance of the installation. 
Furthermore, abnormal spaces are required on the semiconductor 
fabrication line which requires a super-clean state. For this 
reason, there is a problem in that the entire semiconductor 
fabrication line should be modified or newly designed. 



Moreover, the single feeding means may be overloaded in 
the process of loading wafers into a plurality of processing 
chambers (at least 15 processing chambers) arranged in a 
multi-layered fashion around the feeding means or unloading 
5 wafers from those processing chambers. In this case, a 

degradation in the efficiency of the installation and a 
degradation in productivity may occur. In addition, there is 
a limitation in the space for occupying a variety of 
processing units required for the fabrication of semiconductor 
10 products with a super integration degree. Such a limited 

occupying space results in a great limitation in the use of 
processing units respectively required for achieving a variety 
of processes. 

15 SUMMARY OF THE INVENTION 

The present invention has been made in view of the above 
mentioned problems involved in conventional integrated coating 
and developing installations for semiconductor wafers, and an 

20 object of the invention is to provide a semiconductor wafer 

processing system capable of minimizing the area for occupying 
processing units even when an addition of processing units is 
required due to an introduction of new processes and use of 
wafers increased in diameter. 

25 Another object of the invention is to provide a 
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semiconductor wafer processing system including a plurality of 
robot arms selectively operating to accurately feed a wafer 
and to accurately load the fed wafer on a desired position, 
thereby being capable of preventing a degradation in the 
5 quality of products due to a feeding delay and an inaccurate 

loading. 

Another object of the invention is to provide a 
semiconductor wafer processing system capable of controlling 
the amount of a solvent supplied upon coating a photoresist 

10 solution over a wafer while controlling the rotating speed of 

the wafer, thereby achieving an improvement in the stability 
and reliability of the coating process and a minimized 
consumption of the solvent. 

In accordance with the present invention, these objects 

15 are accomplished by providing a semiconductor wafer processing 

system comprising groups of modules each being selected from 
first and second modules. The first module includes a 
plurality of bake units each having a plurality of bake boxes 
arranged in a multi-layered fashion, the bake units being 

20 arranged in such a fashion that they are adjacent to one 

another in the wafer feeding direction, and a spin unit, such 
as a spine coater or a spine developer, fixedly mounted on the 
bake units. The second module includes a plurality of wafer 
edge exposure units arranged in a multi-layered fashion while 

25 being arranged in such a fashion that they are adjacent to one 
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another in the wafer feeding direction, and a spin unit, such 
as a spine coater or a spine developer, fixedly mounted on the 
wafer edge exposure units. Each module group constitutes a 
station, together with a feeding robot. A feeing interface or 
buffer stocker is arranged between adjacent stations. 

Accordingly it is possible to minimize the area for 
occupying processing units even when an addition of processing 
units is required due to an introduction of new processes and 
use of wafers increased in diameter. It is also possible to 
accurately feed a wafer and to accurately load the fed wafer 
on a desired position. The semiconductor wafer processing 
system can also efficiently carry out a photoresist coating 
operation, thereby achieving an improvement in productivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and aspects of the invention will become 
apparent from the following description of embodiments with 
reference to the accompanying drawings in which: 

Figs, la and lb are a perspective view and a plan view 
respectively illustrating a general spinner; 

Fig. lc is a plan view illustrating another spinner; 

Fig. 2 is a perspective view schematically illustrating 
a bake unit applicable to the spinners in accordance with an 
embodiment of the present invention; 



Figs 3a and 3b are perspective views respectively 
illustrating a module configured by bake units and a spin 
coater or spin developer and a module configured by WEE units 
and a spin coater or spin developer; 
5 Fig. 4 is a plan view illustrating a semiconductor wafer 

processing system in which the modules of Figs. 3a and 3b are 
incorporated in accordance with the present invention; 

Fig. 5a is a plan view illustrating a feeding arm adapted 
to feed a wafer to each bake unit in accordance with the 
10 present invention; 

Figs. 5b and 5c are a plan view and a cross-sectional 
view respectively illustrating an operation of the feeding arm 
shown in Fig. 5a; 

Fig. 5d is a view schematically illustrating means for 
15 controlling wafer supporting pins adapted to load a wafer on 

each plate of a bake unit; 

Fig. 6 is a plan view illustrating another embodiment of 
the feeding arm shown in Fig. 5a; 

Fig. 7 is a sectional view illustrating the opened and 
20 closed states of each plate of the bake unit achieved by a 

cover member; 

Fig. 8 is a perspective view illustrating a detailed 
configuration of a feeding robot provided with wafer feeding 
arms ; 

25 Fig. 9 is a perspective view illustrating means for 
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setting a wafer loading position of each wafer feeding arm in 
accordance with the present invention; 

Fig, 10 is a block diagram illustrating an apparatus for 
controlling the supply of a coating solvent upon coating a 
5 photoresist solution over the surface of a wafer in accordance 

with the present invention; and 

Fig. 11 is a perspective view illustrating a stocker 
arranged between the spinner and a stepper in accordance with 
the present invention. 

0 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to Fig. la, an example of a spinner, namely, an 
integrated installation for coating a photoresist solution 

15 over a semiconductor wafer, and developing the coated 

photoresist, is illustrated to which the present invention is 
applied. As described above in conjunction with Fig. la, the 
spinner includes an indexer 1 for carrying out wafer loading 
and unloading operations, a feeding robot 2 for feeding a 

20 loaded wafer to processing units, respectively, a spin coater 

3 for coating a photoresist solution over the wafer, and a 
spin developer 4 for developing the wafer subjected to a light 
exposure, a bake unit 5 provided with hot plates 11 and cool 
plates 12 respectively adapted to heat and cool the wafer 

25 before or after the photoresist coating or developing process, 
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a WEE unit 6 for exposing to light an unnecessary portion of 
the photoresist disposed on the peripheral edge portion of the 
wafer, and an interface 7 provided with a stocker interacting 
with an additional stepper 8 arranged adjacent to the WEE unit 
5 6. 

Fig. 2 schematically illustrates a bake unit applicable 
to the above mentioned spinner in accordance with an 
embodiment of the present invention. As shown in Fig. 2, the 
bake unit, which is denoted by the reference numeral 10, 

10 includes a plurality of bake boxes arranged in a multi-layered 

fashion. In each bake box, a pair of plates are arranged side 
by side with each other. The plates arranged in each bake box 
may include a hot plate 11 adapted to heat a wafer fed to the 
bake box and a cool plate 12 adapted to cool the wafer, as 

15 shown in Fig. 2. Alternatively, both plates arranged in each 

bake box may include hot plates 11 or cool plates 12. 

Taking the management of the bake unit 10 into 
consideration, it is preferred that the number of multi- 
layered bake boxes in the bake unit 10 be ten or less. Since 

20 the bake unit 10 consists of bake boxes arranged in a multi- 

layered fashion, the area occupied by the bake unit 10 can be 
minimized. Furthermore f there is no increase in the area 
occupied by the bake unit 10 when the hot and cool plates 11 
and 12 of the bake unit 10 should increase in number to 

25 increase the capacity of the bake unit 10. This is because 

-10- 



the increase in the capacity of the bake unit 10 can be 
accomplished by simply layering/ in the bake unit 10 , 
additional bake boxes containing the increased number of hot 
and cool plates 11 and 12. Even when two or more bake units 
5 10 should be used, it is possible to minimize an increase in 

the area occupied by those bake units 10 by virtue of the 
above mentioned multi-layered arrangement. 

Fig. 3a illustrates a module consisting of a plurality of 
bake units and a spin coater or spin developer laid on the 

10 bake units. The module of Fig. 3a, namely, a first module Ml, 

includes two bake units 10 arranged adjacent to each other, 
and a spin unit 20 fixedly mounted on the bake units 10. The 
spin unit 20 consists of a spin coater or spin developer. If 
necessary, the first module Ml may have an increased number of 

15 bake units 10. Each bake unit 10 includes a plurality of bake 

boxes arranged in a multi-layered fashion. 

Since the first module Ml consists of a plurality of bake 
units 10 arranged adjacent to one another, each bake unit 10 
consisting of multi-layered bake boxes, and the spin unit 20 

20 laid on the bake units 10, it is possible to minimize an 

increase in installation area caused by the provision of 
additional processing units , namely, additional bake units 10. 
By such an arrangement, it is also possible to minimize the 
movement range of the feeding robot moving among processing 

25 units- This results in a reduction in operating time and an 
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improvement in performance. 

Fig. 3b illustrates a module consisting of a plurality of 
WEE units and a spin coater or spin developer laid on the 
units. The module of Fig. 3b, namely, a second module M2, 
includes two WEE units 30 arranged adjacent to each other, and 
a spin unit 20 fixedly mounted on the WEE units 30. The spin 
unit 20 consists of a spin coater or spin developer. If 
necessary, the second module M2 may have an increased number 
of WEE units 30 arranged in a multi-layered fashion. 

Since the second module M2 consists of a plurality of WEE 
uiiits 30, which may be arranged adjacent to one another while 
also being arranged in a multi-layered fashion, it is possible 
to minimize an increase in installation area caused by the 
provision of additional processing units, namely, additional 
WEE units 30. By such an arrangement, it is also possible to 
achieve a reduction in operating time and an improvement in 
performance. 

Fig. 4 is a plan view illustrating a semiconductor wafer 
processing system in which the above mentioned modular units 
are incorporated in accordance with the present invention. As 
shown in Fig. 4, a first robot 50 is arranged downstream from 
an indexer 40 adapted to carry out wafer loading and unloading 
operations. The first robot 50 serves to feed a wafer loaded 
by the indexer 40 to a desired processing unit. Modules are 
arranged in opposite sides of the first robot 50, 
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respectively. The modules may include first and second 
modules Ml and M2 respectively having the above mentioned 
configurations. Alternatively, the modules may be first 
modules Ml or second modules M2 . 

A second robot 60 is arranged downstream from the first 
robot 50 in such a fashion that it is aligned with the first 
robot 50. A first interface IF1 is arranged between the first 
and second robots 50 and 60. Modules are arranged in opposite 
sides of the second robot 60, respectively. The modules may 
include first and second modules Ml and M2 respectively having 
the above mentioned configurations. Alternatively, the 
modules may be first modules Ml or second modules M2. 
Downstream from the second robot 60, a stepper 70 is arranged 
which serves to expose the entire portion of a wafer coated 
with photoresist . A buffer stocker and a second interface IF2 
are arranged between the second robot 60 and the stepper 70. 

In accordance with the present invention, the 
semiconductor wafer processing system includes at least two 
wafer processing stations having the above mentioned basic 
arrangement. That is, each wafer processing station includes 
a feeding means, and modules arranged in opposite sides of the 
feeding means. Each wafer processing station may include at 
least two modules arranged in a multi-layered fashion in each 
side of the feeding means. The modules arranged in each side 
of the feeding means may include first and second modules Ml 
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and M2 respectively having the above mentioned configurations. 
Alternatively, the modules may be first modules Ml or second 
modules M2 . A feeding interface or buffer stocker is arranged 
between adjacent stations. By such an arrangement , the 
5 occupying area of the entire installation can be minimized. 

In addition, it is possible to efficiently achieve the entire 
process . 

Fig. 5a illustrates a feeding arm adapted to feed a wafer 
to each bake unit in accordance with the present invention, 

10 Figs. 5b and 5c are a plan view and a cross-sectional view 

respectively illustrating an operation of the feeding arm 
shown in Fig. 5a. Referring to Fig. 5a, a bake unit 10 is 
illustrated which includes a pair of plates, namely, the hot 
and cool plates 11 and 12. For each of the hot and cool 

15 plates 11 and 12, a plurality of support pins 120 are arranged 

in such a fashion that they move vertically through vertical 
holes provided at the plate to vertically move a wafer between 
a position, in which the wafer is loaded on the plate, and a 
position, in which the wafer is unloaded from the plate. The 

20 vertical movement of the support pins 120 for each plate is 

achieved by a reciprocal operation of a cylinder 110 connected 
to the support pins 120. The feeding robot 2, which serves to 
carry out loading and unloading operations for wafers, is 
arranged in the vicinity of the bake units 10. 

25 The feeding arm, which is denoted by the reference 

-14- 



numeral 140, is arranged in a space defined between the hot 
and cool plates 11 and 12. The feeding arm 140 is 
independently driven by a separate drive means 130 so that it 
moves pivotally between the hot and cool plates 11 and 12. A 
wafer holding member is provided at a free end of the feeding 
arm 140. 

Preferably, the wafer holding member has a configuration 
capable of holding a wafer by sucking the central portion of 
the lower surface of the wafer using vacuum pressure. 
Alternatively, the wafer holding member may have a 
configuration capable of gripping the peripheral portion of 
the wafer at opposite sides of the wafer. The feeding arm 140 
moves between the hot and cool plates 11 and 12 to feed a 
wafer under the condition in which the wafer is held by the 
wafer holding member. 

In the illustrated case, a wafer, which is denoted by the 
reference character W, is first fed by the feeding arm 140 to 
the hot plate 11 which serves to heat the wafer W at a set 
temperature for a set time. Just after the heating process is 
completed, the wafer W is fed to the cool plate 12 by the 
feeding arm 140 so that it is subjected to a subsequent 
cooling process. The feeding of the wafer W is carried out 
irrespective of the operation of the feeding robot 2. 
Accordingly, it is possible to allow the wafer W to wait 
safely for a subsequent process in a state laid on the cool 



plate 12. 

As shown in Fig. 5d, the support pins 120, which extend 
vertically through the hot and cool plates 11 and 12, thereby 
supporting the wafer W in a horizontal state in accordance 
with a vertical movement of the cylinder 110, is controlled by 
a controller 122. A position sensor 121, which serves to 
sense a moved position of the support pins 120, is 
electrically coupled to the controller 122. The controller 
122 generates a control signal for controlling the support 
pins 120, based on a signal from the position sensor 121 
indicative of the moved position of the support pins 120. 
Preferably, the controller 122 controls the vertical movement 
of the support pins 120 in such a fashion that the support 
pins 120 supporting the wafer W move at a high speed at the 
initial stage of their downward movement for loading the wafer 
W on the hot or cool plate while moving at a low speed at a 
stage of the downward movement just before the wafer W comes 
into contact with the plate. The support pins 120 are also 
controlled to move at a high speed when they are separated 
from the wafer W. In accordance with such a controlled 
movement of the support pins 120, it is possible to prevent 
the wafer from being horizontally slipped or shifted due to 
air resistance when it is seated on the hot or cool plate, 
thereby accurately loading the wafer on a desired position. 

Fig. 6 illustrates another embodiment of the feeding arm. 



t 



Referring to Fig. 6, a feeding arm 140 is illustrated which 
slides between the hot and cool plates 11 and 12 by the drive 
means 130 along guides respectively arranged in opposite sides 
of the hot and cool plates 11 and 12. Only one guide may be 
5 provided which is arranged in one side of the hot and cool 

plates 11 and 12. 

The wafer W, which has been completely subjected to 
heating and cooling processes on the hot and cool plates 11 
and 12 of the bake unit 10 , waits a desired time in the 

10 interior of the bake unit 10 until a subsequent wafer is fed 

to the bake unit 10. During the waiting of the wafer W, the 
inner temperature of the bake unit 10 is transferred to the 
wafer W. Such a thermal transfer influences the yield of 
final products. Therefore, it is important to maintain the 

15 wafer W at a desired temperature during its waiting state, in 

terms of the quality. 

To this end, cover members 120a are provided for the hot 
and cool plates in accordance with the present invention, as 
shown in Fig. 7, so as to prevent ambient air from being 

20 introduced into the interior of the bake unit 10 during the 

waiting period of the wafer W. Each cover member 120a is 
arranged above the hot or cool plate to move vertically with 
respect to the plate in accordance with an operation of a 
separate cylinder 110a, thereby opening and closing the plate. 

25 The cylinder 110a operates independently of the cylinder 110 



adapted to drive the support pins 120. 

Each cover member 120a is maintained at a position, where 
it opens the associated plate , when the wafer loading or 
unloading operation is carried out. During the waiting period 
of the wafer W, the cover member 120a is maintained at a 
position where it closes the associated plate. Thus, the 
cover member 120a maintains the associated wafer in a heated 
or cooled state without causing any variation in the heated or 
cooled temperature of the wafer. Accordingly, it is possible 
to achieve an improvement in the yield of final products. 

Fig. 8 is a perspective view illustrating a detailed 
configuration of the feeding robot 2 which is provided with 
wafer feeding arms. As shown in Fig. 8, the feeding robot 2, 
which moves to feed a wafer to a set position for each unit of 
the spinner, thereby loading the wafer to the set position or 
unloading the wafer from the set position, includes a pair of 
wafer feeding arms 141 and 142 each adapted to feed a wafer 
while holding the wafer. The wafer feeding arm 141 has a 
plate shape and serves to support the peripheral portion of a 
wafer whereas the wafer feeding arm 142 has a bar shape and 
serves to support the portion of the wafer extending 
diametrically through the center of the wafer. In accordance 
with the characteristics of a processing unit, in which a 
wafer is loaded, a selected one of the wafer feeding arms 141 
and 142 operates to feed the wafer. 
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By such a configuration, it is unnecessary to replace the 
wafer feeding arms of the feeding robot with new ones in 
accordance with the characteristics of support means or 
processing units. This is possible by virtue of the use of a 
5 selected one of the wafer feeding arms. Accordingly, it is 

possible to enhance the wafer feeding efficiency. 

Meanwhile, it is important to accurately load a wafer W 
on a desired position when the wafer W is loaded on the first 
interface or buffer stocker using the feeding robot provided 

10 with the wafer feeding arms 141 and 142. In particular, the 

first interface and buffer stocker are arranged at positions 
preventing the user from directly observing those units with 
the naked eye. To this end, a reflex sensor 200 is provided, 
as a means for accurately setting a desired wafer loading 

15 position, in accordance with the present invention. As shown 

in Fig. 9, the reflex sensor 200 is arranged on the plate of 
each processing unit, which is a bake unit 10 in the case 
illustrated in Fig. 9, at a position corresponding to the 
center of a wafer accurately loaded on the plate. In other 

20 words, the reflex sensor 200 is arranged in such a fashion 

that it radiates a light beam onto the center of the lower 
surface of the accurately loaded wafer. A jig wafer 220 is 
also used to accurately determine a desired wafer loading 
position. A through hole 221 is formed through the central 

25 portion of the jig wafer 220 so that the light beam emitted 
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from the reflex sensor 200 passes through the through hole 221 
when the jig wafer 220 is accurately loaded at a desired wafer 
loading position on the plate by the feeding robot. 
Accordingly, the wafer loading position of the feeding robot 
5 can be accurately set to correspond to a desired wafer loading 

position by determining whether the light beam emitted from 
the reflex sensor 200 transmits through the jig wafer 220 
loaded by the feeding robot or reflects from the jig wafer 
220. 

10 That is, the jig wafer 220 is first loaded on the plate 

by the wafer feeding arm 141 or 142 of the feeding robot, at 
the initial stage of the wafer loading operation. In this 
state, it is determined whether or not the light beam emitted 
from the reflex sensor 200 transmits through the jig wafer 220 

15 or reflects from the jig wafer 220. Based on a signal from 

the reflex sensor 200 indicative of the result of the above 
determination, the wafer loading position of the feeding robot 
is adjusted so that it corresponds to a desired wafer loading 
position where the light beam transmits through the jig wafer 

20 220. Thus, the wafer loading position of the feeding robot is 

accurately set. After completing the setting operation, the 
jig wafer 220 is removed so as to carry out a continuous 
feeding operation for wafers to be processed. 

Fig. 10 illustrates an apparatus for controlling the 

25 supply of a coating solvent upon coating a photoresist 
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solution over the surface of a wafer by the spin coater prior 
to the baking process. As shown in Fig. 10, the coating 
solvent supply control apparatus includes a lamp 300 for 
irradiating an LED light beam onto the central portion of a 
5 wafer W loaded on the spin coater and rotated by the spin 

coater. A CCD camera 310 is arranged in the vicinity of the 
lamp 300 in such a fashion that it is focused onto an 
observation area A on the wafer W. A CCD controller 320 is 
coupled to the CCD camera 310. The CCD controller 320 serves 

10 to control the turn-on and turn-off of the lamp 300 during a 

low-speed rotation of the spin coater 3. The CCD controller 
320 also recognizes an initial contrast of the wafer W and 
checks, based on the recognized initial contrast, a variation 
in contrast occurring in the observation area A when a coating 

15 solvent injected onto the surface of the wafer is diffused 

along the wafer surface. The CCD controller 320 detects such 
a variation in contrast in the form of an image. A main 
controller 340 is coupled to the CCD controller 320. The main 
controller 340 receives an image signal from the CCD 

20 controller 320, which signal is indicative of a variation in 

contrast detected by the CCD controller 320. Based on the 
received image signal, the main controller 340 controls the 
operations of a variety of operating units including the lamp 
300, CCD camera 310, a nozzle 330 adapted to inject the 

25 coating solvent, etc. 
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Accordingly , the coating solvent supply control apparatus 
having the above configuration detects the coated or injected 
state of the coating solvent, thereby controlling the supply 
of the coating solvent while controlling the rotating 
5 operation of the spin coater 3. Therefore, it is possible to 

achieve a stable photoresist coating while using a reduced 
amount of solvent. Since there is no excessive consumption of 
solvent, it is also possible to reduce the costs. In 
accordance with the configuration of the coating solvent 

10 supply control apparatus, it is easy to vary the position of 

the observation area where the coated or injected state of the 
coating solvent is detected. It is also possible to reduce 
the time taken for the setting and change of detection 
conditions. As a result, various limitations, which result 

15 from the characteristics of the solvent used and the surface 

condition of the wafer, can be completely eliminated. 

Referring to Fig. 11, a stocker 400 is illustrated which 
is provided at the second interface IF2 arranged between the 
spinner, in which a baking process is carried out, and the 

20 stepper 70. Wafers W completely processed by the photoresist 

coating and developing processes are stocked in the stocker 
400 of the second interface IF2. In order to store those 
wafers, the stocker 400 has a plurality of stock compartments 
410 arranged in a multi-layered fashion. Each stock 

25 compartment 410 is open at both sides thereof so as to allow 
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wafers to have access to the stock compartment 410 at both 
sides of the stock compartment 410, A pair of wafer feeding 
arms, which are denoted by the reference numeral 140, are 
arranged at both sides of the stocker 400, respectively, in 
order to stock wafers in the stocker 400 at both sides of the 
stocker 400. 

Since the stocker 400, which is arranged between the 
spinner and second interface IF2, has a configuration capable 
of achieving simultaneous stocking or removal of wafers at 
both sides of the stocker 400, it is possible to more rapidly 
stock wafers continuously fed to the stocker 400 without any 
wafer pileup phenomenon. Accordingly, an improvement in 
productivity is achieved. 

Thus, the present invention, which is adapted to 
configure the spinner itself and various units of the spinner 
to have multi-layered arrangements, is an epochal technique 
capable of achieving improvements in system installation, 
manufacturing processes, and system and process management, 
taking into consideration the fact that the entire 
installation volume and the number of processing units 
increase inevitably due to the use of new techniques coping 
with the enlargement of the standard (diameter) of wafers from 
the size of 6 or 8 inch to the size of 12 to 16 inch. 

Although the numbers of bake units and spin units such as 
spin coaters and spin developers increase, it is possible to 
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effectively increase the utility of the entire occupying space 
by virtue of the multi-layered arrangements of those 
installations according to the present invention. The 
movement range of each feeding robot for each processing unit 
can also be reduced. This results in a reduction in the 
operating load and time of the feeding robot. 

As apparent from the above description, the present 
invention provides a semiconductor wafer processing system 
including wafer processing units arranged in a multi-layered 
fashion, thereby being capable of achieving a reduction in the 
occupying space of the entire installation. The semiconductor 
wafer processing system also has a configuration capable of 
achieving accurate wafer feeding and loading operations, and 
reducing the consumption of a chemical solvent coated over 
wafers. Accordingly, the present invention provides an 
economical and efficient semiconductor wafer processing system 
capable of achieving an improvement in productivity. 

In accordance with the present invention, even when it is 
required to increase the number of processing units used or to 
introduce a new installation due to the use of new techniques, 
it is possible to minimize the occupying space of the entire 
system by virtue of the multi-layered arrangement of those 
processing units. In addition, the operating load and time of 
robots operatively associated with processing units can be 
reduced. 
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Although the preferred embodiments of the invention have 
been disclosed for illustrative purposes, those skilled in the 
art will appreciate that various modifications, additions and 
substitutions are possible, without departing from the scope 
and spirit of the invention as disclosed in the accompanying 
claims . 
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WHAT IS CLAIMED IS: 



1. A semiconductor wafer processing system comprising: 

a first robot arranged downstream , in a feeding direction 
of wafers being processed, from an indexer carrying out wafer 
loading and unloading operations and adapted to feed a wafer 
loaded in the indexer to a desired one of processing units; 

a first group of modules arranged in opposite sides of 
the first robot, the modules of the first module group being 
selected from first and second modules; 

a second robot arranged downstream from the first robot 
in the wafer feeding direction via a first interface in such 
a fashion that it is aligned with the first robot in the wafer 
feeding direction; 

a second group of modules arranged in opposite sides of 
the second robot, the modules of the second module group being 
selected from the first and second modules; and 

a stepper arranged downstream from the second robot via 
a second interface in the wafer feeding direction and adapted 
to expose to light the entire portion of a wafer coated with 
a photoresist and fed thereto. 

2. The semiconductor wafer processing system according to 
Claim 1, wherein: 

each of the first modules comprises a plurality of bake 
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units each having a plurality of bake boxes arranged in a 
multi-layered fashion, the bake units being arranged in such 
a fashion that they are adjacent to one another in the wafer 
feeding direction, and a spin unit fixedly mounted on the bake 
5 units, the spin unit comprising a spin coater or a spin 

developer ; and 

each of the second modules comprises a plurality of wafer 
edge exposure units arranged in a multi-layered fashion while 
being arranged in such a fashion that they are adjacent to one 

10 another in the wafer feeding direction, each of the wafer edge 

exposure units serving to expose to light an unnecessary 
portion of the photoresist disposed on the peripheral edge 
portion of each wafer, and a spin unit fixedly mounted on the 
wafer edge exposure units, the spin unit comprising a spin 

15 coater or a spin developer. 

3. The semiconductor wafer processing system according to 
Claim 2, wherein each of the bake boxes comprises a pair of 
thermal plates arranged side by side with each other, each of 
20 the thermal plates being selected from a hot plate adapted to 

heat a wafer and a cool plate adapted to cool a wafer in such 
a fashion that the thermal plates of each bake box have the 
same type or different types, respectively • 

25 4. The semiconductor wafer processing system according to 
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Claim 1 or 2, wherein: 

the modules of each of the module groups are also 
arranged in a multi-layered fashion to form at least two 
module layers and have the same module type or a combination 
5 of different module types; 

each of the module groups constitutes a station, together 
with feeding means; and 

a feeing interface or buffer stocker is arranged between 
adjacent stations respectively associated with the module 
10 groups . 



5. The semiconductor wafer processing system according to 
Claim 3, further comprising: 

a plurality of support pins extending through vertical 
15 holes provided at each thermal plate of each of the bake units 

in such a fashion that they move vertically through the 
vertical holes while supporting a wafer thereon; 

a cylinder for vertically moving the support pins between 
a loading position, in which the wafer supported by the 
20 support pins is loaded on the thermal plate, and an unloading 

position, in which the wafer is unloaded from the thermal 
plate ; 

a feeding robot arranged in the vicinity of the bake 
units, the feeding robot serving to car^ry out loading and 
25 unloading operations for wafers with respect to each of the 
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bake units; and 

a feeding arm arranged in a space defined between the 
thermal plates of each of the bake units and independently 
driven by separate drive means in such a fashion that it moves 
pivotally between the thermal plates, the feeding arm being 
provided at a free end thereof with a wafer holding member 
adapted to hold a wafer loaded in the bake unit. 

6. The semiconductor wafer processing system according to 
Claim 5, further comprising: 

a position sensor arranged in the vicinity of the support 
pins associated with each of the thermal plates and adapted to 
sense a moved position of the support pins; and 

a controller coupled to the position sensor and adapted 
to control the cylinder, based on an output signal from the 
position sensor, in such a fashion that the support pins 
supporting a wafer move at a high speed at an initial stage of 
a downward movement thereof for loading the wafer on the 
associated thermal plate and at a low speed at a stage of the 
downward movement thereof just before the wafer comes into 
contact with the thermal plate while moving at a high speed 
when they are separated from the wafer. 

7. The semiconductor wafer processing system according to 
Claim 5, further comprising: 



a cover member arranged above each of the thermal plates 
in such a fashion that it moves vertically with respect to the 
thermal plate, thereby opening and closing the thermal plate; 
and 

a cylinder adapted to move the cover member between a 
position, where the cover member opens the thermal plate, and 
a position, where the cover member closes the thermal plate, 
the cylinder operating independently of the cylinder adapted 
to drive the support pins. 

8. The semiconductor wafer processing system according to 
Claim 5, wherein the feeding robot comprises a pair of wafer 
feeding arms each adapted to feed a wafer to a desired 
position while holding the wafer, one of the wafer feeding 
arms having a plate shape and serving to support a peripheral 
portion of the wafer with the other wafer feeding arm having 
a bar shape and serving to support a portion of the wafer 
extending diametrically through the center of the wafer, so 
that a selected one of the wafer feeding arms operates to feed 
the wafer in accordance with the characteristics of a 
processing unit, in which the wafer is loaded. 

9. The semiconductor wafer processing system according to 
Claim 8, further comprising means for setting a wafer loading 
position of the feeding robot, the means comprising: 



a reflex sensor arranged on an upper surface of each bake 
unit at a position corresponding to the center of a wafer 
accurately loaded on the upper surface of the bake unit in 
such a fashion that it radiates a light beam onto the center 
of the accurately loaded wafer; and 

a jig wafer loaded in the bake unit by the feeding robot 
when it is desired to set a wafer loading position of the 
feeding robot, the jig wafer being provided at a central 
portion thereof with a through hole allowing a light beam to 
transmit therethrough ; 

whereby the wafer loading position of the feeding robot 
is accurately set tp correspond to a desired wafer loading 
position, based on a signal, generated from the reflex sensor, 
indicative of whether a light beam emitted from the reflex 
sensor transmits through the through hole of the jig wafer 
loaded by the feeding robot or reflects from the jig wafer. 

10. The semiconductor wafer processing system according 
to any one of Claim 1, and Claims 5 to 8, further comprising: 

a stocker provided at the second interface arranged 
between a spinner, in which a baking process is carried out, 
and the stepper, the stocker having a plurality of stock 
compartments arranged in a multi-layered fashion and adapted 
to stock wafers completely processed by photoresist coating 
and developing processes; and 



a pair of wafer feeding arms arranged at opposite sides 
of the stocker, respectively, to stock wafers in the stock 
compartments of the stocker at the opposite sides of the 
stocker . 

11. A semiconductor wafer processing system comprising 
means for controlling the amount of a coating solvent supplied 
when a photoresist solution is coated over a wafer, the means 
comprising: 

a lamp for irradiating an LED light beam onto a central 
portion of a wafer loaded on a spin coater and rotated by the 
spin coater; 

a CCD camera arranged in the vicinity of the lamp in such 
a fashion that it is focused onto an observation area defined 
on the wafer; 

a CCD controller coupled to the CCD camera, the CCD 
controller controlling turn-on and turn-off states of the lamp 
during a low-speed rotation of the spin coater, recognizing an 
initial contrast of the wafer, checking, based on the 
recognized initial contrast, a variation in contrast occurring 
in the observation area when the coating solvent injected onto 
the wafer is diffused along the wafer, and detecting the 
variation in contrast in the form of an image; and 

a main controller coupled to the CCD controller, the main 
controller receiving an image signal, generated from the CCD 



controller, indicative of the variation in contrast detected 
by the CCD controller, and controlling the operations of a 
variety of operating units including the lamp, the CCD camera 
and a nozzle adapted to inject the coating solvent. 
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ABSTRACT OF THE DISCLOSURE 



A semiconductor wafer processing system having a multi- 
layered arrangement of wafer processing units included in a 
spinner to carry out photoresist coating and developing 
processes for the formation of micro patterns on semiconductor 
wafers, thereby enabling an easy increase in those processing 
units coping with an introduction of new processes without 
increasing the occupying space of the processing units, while 
being capable of achieving accurate wafer feeding and loading 
operations, and minimizing the consumption of a chemical 
solvent coated over wafers. The system includes groups of 
modules each being selected from first and second modules. 
The first module includes a plurality of bake units each 
having bake boxes arranged in a multi-layered fashion, the 
bake units being arranged adjacent to one another in the wafer 
feeding direction, and a spin unit, such as a spine coater or 
a spine developer, fixedly mounted on the bake units. The 
second module includes a plurality of wafer edge exposure 
units arranged in a multi-layered fashion while being arranged 
in such a fashion that they are adjacent to one another in the 
wafer feeding direction, and a spin unit fixedly mounted on 
the wafer edge exposure units. Each module group constitute 
a station, together with a feeding robot. A feeing interface 
or buffer stocker is arranged between adjacent stations. 
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